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(57) Abstract: A method of providing 
bias voltages for input output connections 
on low voltage integrated circuits. As. 
integrated circuit voltages drop " generally , 
so does the external • voltages that those 
circuits can handle. By placing input and 
output devices, in series, external voltages 
can be divided between the devices thereby 
reducing junction voltages seen by internal 
devices. By using external voltages as part 
of a biasing scheme for integrated circuit 
devices, stress created by the di£ferential 
between external voltages and internal 
voltages can be minimized. Additionally 
device, wells can be biased so. that they 
are at a potential that is dependant on the " 
external voltages seen by the low. voltage 
integrated circuit. . . ■ > 
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SUB-MICRON fflGH INPUT VOLTAGE TpLBRA]^ 

(I/O) CIRCUIT ■ ' ' . 

FIELD OF THE INVENTION 

The present invention relates to integrated circuits (ICs), such as interface circuits, that are 
designed having reduced featmre sizes, for example, 0.13 |im. More particularly, the invention 
relates to ICs that include interfaces (such as inptit/output (I/O) circuits) that are capable of 
interfacing with comparatively high-voltage signals from other sources, for example a 3.3 volt 
IC interfacing with signals from a 5 volt IC, or any other dispara.te ranges. Moreover, the 
invention relates to integrated circuits in which the semiconductor devices are biased such that 
the stress across the gate-oxides and junctions; as well as the leakage currents, are maintained 
at tolerable levels. : v . 

BACKGROUND OF THE INVENTION / V 

The trend in CMOS-based processing technology is to produce integrated circuit (iC) 
cores having a higher density of semiconductor devices, such as transistors, and faster clock rates . 
than their predecessors. I/O circuits, which electrically couple an ICpore to external components, 
are accessed through I/O circuit pads that surround the IC core. The IG core and the I/O circuit 
pads are generally fabricated from the same processing technology. There is however: no 
reqiiirement that they comprise the same technology and hybrid circuits are known in the art. 
The inventive concepts herein are applicable to a variety of fabrication technologies. 

Hie performance of the IC cores may generally be improved by shrinking the feature sizes 
of the semiconductor devices, for example field-effect transistors (FETs). Unfortunately, 
reducing the IC feature sizes may proportionally decrease the m^imiun operating voltage that 
the semiconductor devices within the IC can withstand. For example, an I/O circuit pad, 
fabricated from a CMOS process having 0.30 naicron features, typically withstands amaximum 
operating voltage of about 3.6 volts. In such a case the? maximum operating voltage of the I/O 
circuit pad is insufficient to drive the extemai components which have a higher voltage 
requirement, such as 5 volts. Furthermore, if the IC is interfaced with a greater than the 
maximum operating voltage, the IC may fail. 

One way to attempt to resolve such requirements of circuits with mismatched voltage 
requirements is to increase the robustness of the fabrication process, for example by increasing 
the thickness of the gate-oxide layer of the semiconductor devices which comprise the IC 
circuitry. A thick gate-oxide layer may provide semiconductor devices, such as FETs, with the 
ability to support a higher voltage requirement. However, this voltage robustness is commonly 
accompanied by a decreases the performance of the IC, because the thick gate-oxide layer 



■ PCt/US02/00747: 

WO 02/056473 m - 

L reducestheoveraUgainofthedeviceswhich 

benefit which occurs by reducing the feature size. 

OliierattemptshaveincludedincreasingthecomplexityoftheCMOSfabri^^^^ 

• so there are multiple sets of devices where each set meets different voltage requirements. Each 
5 set of devices requires a different gate-oxide. Each additional gate-oxide requires a separate 
mask The resultiiighybridprocessmay significantly increaseth^ of thelC. 

One way to avoid the drawbacks ofthe aforementioned processing-based solutions IS to 

usea'level-shift-chipasanexternalcomponentThelCcoreandthel/O.circuitsarefab^ 

from the sameprocess. The "level-shift chip" maybe fabricated fromaprocess that supports the 
10 discretevoitagerequirementbysteppingupthecoreoutputsignalstosupportthediscretevolt^^^ 
range and stepping down the external drive signals to support the IC core voltage range. ^ 
levd^shiftcMpcanbeawasteofmuchneededspaceonacrowdedprintedck^^^ 

degrade perfonnance. 

Anl/Ocircuitthattransformsvoltagesbetweendifferentvoltagelevelswithoutde^^^ 

15 the overall perfomance of the integrated ckcuit and maximizing use of s^^^^^ 

. circuitboardormulti-cMpsubstratemaybebeneficial.Itwouldbeafu^^^ 

VO circuit could use voltages presented at the.I/O circuit in order to provide such protective 

biasings : . j • 

" ■C6minonlyauI/6powersupplymayvary+/- 10% and may vary significantly more durmg 

■ 20 transient conditions. When the I/O power supply varies, circuits may have higher stress on die 
gate-oxides of the devices in the I/O circuit, such stresses may not be desirable m many process 
: technologies. It may be desirable to provide bias voltages to various devices m the I/O cnrcuit 

such that the device-gate-oxide is protected from high-voltages under various conditions of 
. operation even when the power-supply voltage varies by a large amount. ^ . ; ^ . ^ 

25 Embodimentsofthepresentinventionmaybeoptimized,forexamplewhere5voltmput • 

tolerance is required, even when the power suppUes are varying in steady state by +/- 10%. 

Embodiments of the present invention are illustrated in an optimized form for I/O curcmts 

where a 5 volt +/- 10% input tolerance is required for normal operating range. Additionally the 

inventive concepts herein are described in terms of CMOS (Complimentary Metal Oxide 
30 Semiconductor) integrated circuits. Those skilled in the art will readily appreciate the fa^^ 

techniques described with respect to CMOS ICs are readily applicable to any circuits havmg 
disparate power supply and/or dnve signal requirements for different portions ofthe cnrcuitiy. 
The CMOS example chosen is one likely to be famiUar to those skilled in.the art. There is, 
however, no intent to limit the inventive concepts to CMOS ICs as the techniques are equally 
35 applicable to a wide variety of integrated circuit fabrication techniques. 
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SUMMARY OF EMBODIMENTS OF THE INVENTION 

An exemplary embodiment of the invention includes an integrated circuit having a four 
device input output circuit in a push pull configuration. Two of the devices, termed upper 
devices, comprise PMOS (P-Chianiiel Metal Oxide Semiconductor) devices and two of the 
devices, termed lower devices, comprise NMOS (N-channel Metal Oxide Semiconductor) 
devices. The devices are biased to eliminate hazardous voltages across device junctions and to 
reduce the magnitude of the voltage being passed on to the core circuitry. The biases are derived 
from the input output state of the circuit and the voltage presented to the I/O circuit cormection 
(Vpad) Additionally PMOS device well bias voltage may be developed based on VpAb- 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention will become apparent from a description 
of the following figures, in which like numbers refer to similar items throughout. 

Figure 1 is a graphic illustration of an exemplary enviroimient in which embodiments of . 
the invention may be utilized. ; . ' . 5 

' Figure 2 is a graphical illustration of a prior art input output circuit and connection. 
. Figure 3 is a schematic of a portion of a CMOS , (Complimentary Metal Oxide 
Serniconductor) input output circuit in which single push pull putput devices, as illustrated in 
figure 2, have been replaced by two devices each. * ' 

Figure 4 is input output circuit^ including a well biasiiig circuit, accofduig, to an 
embodiment of the invention. . 

/Figure 5 is a graph illustrating the relationship between well voltagie and pad voltage for 
the input (or a tristate) mode, according to an embodiment of the invention. 

Figure 6 is a block diagram of I/O circuitry biasing according to an embodiment of the 
invention. 

Figure 7 is a graphical representation of a bias voltage (V cpj as a fimction of pad voltage 
(Vpad)» according to an embodiment of the invention. 

Figure 8 is a graphical illustration of a portion of a circuit configuration used to provide 
the pad voltage to the core circuitry, according to an embodiinent of the invention. 

Figure 9A is a schematic diajgram of the generation of Bias_Mid voltage, according to an 
embodiment of the invention . 

Figure 9B is a schematic diagram of an altemative embodiment for the generation of 
Bias_Mid voltage, according to an embodiment of the invention . 

Figure 9C is a schematic diagram of yet another alternative erribodiment for generation 
of Bias_Mid voltage, according to an embodiment of tlie invention . 
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Figure 10 is .a schematic diagram of an exemp^^ 

embodiment of tiie invention. 

Figure llA is a sbhematic diagram of a circuit used to generate Ya^,. 

Figure IIB is a schematic diagram iUustration of the generation of Vddo " Vtp depicted 
infigurellA. 

Figure 1 I C is a graph illifstrating Ihe relationship betw^^^ 

to an embodiment of the invention. 

Figure 1 ID is a schematic diagram depicting an exemplary iUustration of a transistor 

implementation of block 901. 

. FigureUisaschematicdiagramofaciicuitlhatmaybeusedtopreventp 

ofdevices. according to an embodiment of the invention. 

Figure 13 is acircuitandblockdiagramof aportionof anover voltageprotectionci^^^^^ 

■ Figure 14 is a schematic diagram illustrating a modification of iFigure 9A. 
Figure 15 is a schematic diagram illustrating atransistor implementation of block 140L 

Figure 16 is a schematic diagram illustrating a transistor implementation of Figure 14. 
Figure 17 is aschematicdiagram of acircuittliatmaybeusedtopreventstress on devices 

when voltage spikes appear at an I/O pad. ^ 

Figure 18 is a schematic diagram of a circuity including several previously illustrated 

embodiments of the invention. 

DETAILED DESCRIPTION OF EMBODIMENtS OF THE INVENTION . 

Figure r is a graphic illustration of an exemplary enviromnent in which embodiments of 
the invention maybe utilized:.InFigure 1 apersonal computer, system is represented gener^ly 
atlOl Withinthecomputersystemiscircuitboardl03onwhichaCPUintegratedcircmtchip 

. 105 is mounted. The CPU is a type which uses 3.3 volts as its supply voltage. A keyboard 
interfaceintegratedcircuitcbip 107isalsomountedoncircuitboardl03. Thekeyboardinte^^^^ 

integratedcircuitusesasupplyvoitageofS.Ovolts. The CPU 105 is coupled to the Keyboard 
chip 107 The CPU 105 maybeofatype which containsintegrateddevicesfeatmaybedamaged. 
byinterfacingwithadevicehavingahighersupplyvoltage. Because of the disparity in supply 
voltages that may exist in such situations an output circuit which can compensate for the higher 
interface voltages may be useful. . 

Figure 2 is a graphical illustration of a prior art input output circuit and comiection. A 
commoninputoutputcircuitcomprisesapullupdevice,suchasPMOS(P-channelMetalOxide. 

Semiconductor) device 215 and a puU down device, such as NMOS (N-channel Metal Oxide 
Semiconductor) device 217, such as illustrated in Figure 2. Devices 215 and 217 are coupled 
together at an input/output (JfO) pad 219. The substrate for the NMOS device is commonly 
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coupled to ground potential, e.g. as shown at 221. The substrate for the NMOS device is 
typically a substrate which is common for the entire integrated circuit chip on which it resides. 
PMOS devices are commonly fabricated in their own isolated well. 

hi deep submicron fabrication, the component integrated devices can tolerate only limited 
differential voltages across their junctions. Commonly the voltage which caii be toleratisd across 
the junctions is on the order of 2. 5 Volts. 

Li the Illustration of Figure #2 pad 2 19 interfaces to a 5 volt circuit, and hence the pad niay 
commonly see voltages in the neighborhood of 5.5 volts. A 5 volt signal appUed to pad 21 9 may 
stress devices within the chip 105. For example if gate 205 of device 217 is at a zero volt 
potential then the voltage across the 205-203 gate-oxide can exceed 5 volts, thereby stressing 
device 217. For this reason more than one device may be used to divide the voltages in pull up 
and pull down I/O circuits. 

Figure 3 is a schematic of a portion of aMOS (Metal Oxide Semiconductor) input output 
circuit in which each push pull output device illustrated in Figure 2 has been replaced by two 
devices. That is output device 215 ha^ been replaced by devices 301 and 303.and device 217has 
been replacedby deAdces 305 and 307. By replacing devices 215 and 217 by two devices each, 
the output voltage appearing at pad 309 may be safely divided over the two upper (301 and 303) 
and the two lower (305 and 307) I/O devices. The middle NMOS device 303 and the.middle 
PMOS device 305 have their gates biased to intermediate potentials to avoid excessive voltages 
under various I/O pad, 309, voltages. 

Figure 4 is input output circuit 404, including a well biasing circuit, according, to an 
embodiment of the invention. Devices 301 and 303 are fabricated in wells, illustrated 
schematically as 400 and 402, which are essentially at a floating potential. Because. devices in 
wells at floating potential can have problems, such as device latch up, wells may commonly be 
coupled to a known bias voltage. The wells of devices 301 and 303 are coupled to the highest 
circuit potential available using well biasing circuit 401. The inputs to the well biasing circuit 
are the pad voltage present on input output pad 309, V^do voltage Vqpj which are illustrated 
in figure 7. 

During the operation of input output circuit 404. in an output mode (when pad 309 is in 
an output driving mode), wells 400 and 402 are coupled to Vovo- When the pad 309 is in an 
input mode, the well voltage depends upon the pad voltage. In the output enable mode Vwdi ~ 
Vddo. 

. When input output circuit 404 is in an input mode (when pad 309 is in an input mode), 
^wcii depends on both the input (Pad) Voltage Vp^ and Vodo • If "^pad is less than V^do when' 
input output circuit 404 in the input mode then V^^,i = Vddo- If ^pad is greater than Y^^q ^^^^ 
Vweii ^ ^PAD' A graph of this relationship is illustrated in Figure 5. 
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• Figure 5 is a graph illustrating the relationsMp between well vo^^^^^^ 

the m circuit in an input (of a tristate) condition. As can be seen from the graph, if the pad 
voltageis less than V,,o then the wellvoltage is equal to V,,o. If thepadvoltage is gr^^^^^^ 

then the well voltage is equal to the pad voltage. The well bias can thereby be changed 
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5 according to changing circuit conditions. 

Figure 6 is a block diagram of I/O circuitry 600 biasing according to an embodiment of 

the invention. • 

When I/O circuitry 600 is in the input mode, first bias circuit 407 ties gate 403 of device 

301 to V„oo.-fiitiieoutputmode device 301 is controlled by an input from first bias cKcmt 407 
10 according to whether a high or low value is being output on the pad 309. ^ - 

Intheinputmodesecondbiascircuit405providesgatevoltageVop,tothegateofoutput 

device 303. The gate voltage Vo. provided to the gate of output device 303 varies fr^m an 
intermediatepower supply voltage, such as V,,,cbeing equal to 1.2 volts, and the pad voltage 
, present6dtothecircuitatinputoutputpad309. Suchbiasingpreventsdevice303frombem 

15 . damaged due to a voltage potential across its junctions. „ , 

Figure 7 is a graphical representation of Vep, bias voltage as a function of pad voltage 
(Vp^). If Vp^ is less than V,,o, then Vop. provided to the gate of output device 303 xs eqi^ ' 
. totheint^xmediatesupply voltage V,.c- IfVp^is greater than V,,o then Y,. provided to the 
gate ofoutput device 303 is equal to Vp^. In such a manner the voltage between the gate of 

20 device 303 and pad 309 can be kept in a. safe range to prevent damage to the junction. 

TosummarizetheoperationofthecircuitofFigure6.whenthecircuit600isinanoutput 

mode- The weU biasing circuit 401 ties the wells of devices 301 and 303 1^ 
... theloWerPMOSdevice307is,tiedtoanintermediatevoltage,suchasV„«:=L2Volts.^^ 
ofupperNMOS device 305 is tied to an intermediate voItag6, such as Vppp- 2.5 Volts. 

Whenthecircuit600isinnotinoutputmode,thatisinthetri-stateorinputmodetheil. 

upper PMOS device 301 and lower NMOS device 307 are turned off and devices 303 and 305 

are turned on to divide the voltages ofthe output circuit. . ..^n 

The gate voltage of the upper NMOS device 305 is controlled by third bias curcuit 409. 

TlHrdbiascircuit409,wheninaninputortristatemode.willincreasethebasevoltagewh^^ 

30 pad voltage increases beyond a certain threshold, for example V^nP equal to 2.5 Volts. 

Fourth bias circuit 411 works m a similar fashion to first bias circuit 407. Both bias 
circuits407and411workinadigitalmode,eitherprovidingafirstorsecondvoltagedepending 

on the required I/O pad 309 output voltage. In a first mode of operation first bias circuit 407 

switches between a first voltage V,,o and a second lower voltage V,,e. Gate bias curcuit 411 
35 switchesbetweenprovidmgVoDpandgroundpotentialtothegateofdevice307. ■ 
Figure 8 is a graphical illustration of a circuit configuratiori used to provide the pad 
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1 . voltage to the core circuitry. The Vp^D input is coupled to the core circuitry 803 through an 
NMOS device 801. The gate of NMOS device 801 accepts Bias_Mid as its. control voltage. 
Such an arrangement protects the gate source voltage of device 801 and also prevents large 
voltages from the input from bing coupled into the core circuitry when it is in the input, (tristate) 
5 or output conditions, v. . 

One facet of the VO system comprising devices 301, 303, 305 and 307 is that any number 
of such devices may be added in parallel, in order to provide any level of drive signals.needed. 

Figure 9 A is a schematic diagram illustrating how Bias_Mid voltage is generated; Block 
901 is a switching circuit that switches its Bias_l output between voltages Vp^o (3.3 Volts 
10; nominally in the. present embodiment) and Vd^c (1-2 Volts ribminally in the present 
V. : embodiment).. Device 905 is a PMOS device as are devices 907 and 909. Device 907 turns on 
when the output is enabled or the Y^j^ is low. "When device 907 is turned on, Bias_Mid is 
, coupled to V^DP- When output is not enabled i.e. the pad is in the tri-state (input only) mode and 
. «. ' VpAD is high, then Bias_l is equal to V^dq and device 905 charges point 91 1 to Bias_l minus V^p, 
15 where V^p is the threshold of device 905, and accordingly is the voltage dropped across device 
905. If Bias_Mid is greater than the sum of Vp^p and V^p then device 909 will drain current 
. from node 911 such that the sxmi of V^pp plus V^p is the maximum value for Bias_;Mid. 
• , Bias_Mid is always between (Vpop + Vjp) and (Vddo - Vjp), whether (V d^p + Vjp) or (Yodo -^^tp) 
islarger, A t3^ical value of the threshold voltage Vjp is .5 volts. The actual value of Bias2.Mid 
'20 will be determined by the relative sizes of devices 907 and 909. / \ 

, • . Figure 9B is a schematic diagram of an altemate embodiment illustrating how Bias_Mid 

voltage is generated in an altemate embodiment Block 901 is a switching circuit that switches 
, its Bias_l output between voltages Vddo (3-3 Volts nominally in the present embodiment) and 
Vddc (1-2 Volts nominally in the present embodiment). Device 905 is a PMOS device as is 
25 r , device 907. Device 909B is a NMOS device. Device 907 turns on when the output is enabled 
■ , • V or the Vpy^j^ is low. When device 907 is tumed on, Bias__Mid is coupled to V^Dp. When output 
is not enabled i.e. the pad is in the tri-state (input only) mode and dming this time when Vp^ is 
high, then fiias_l is equal to V^dq ^iid device 905 charges point 911 toBias_l minus V^p, where 
Vjp is the threshold of device 905, and accordingly is the voltage dropped across device 905. If 
30 Bias_Mid is greater than the sum of (V^^p + V-^p) then device 909b will drain current from node 
: 911 such that (V^op + V^p) is the maximum value for Bias_Mid. Bias_Mid is al\v ays between 
(Vddp + Vtn) and (Vddo - V^p), whether (Vddp -f Vtn) (^ddo ^tp) is larger. Atypical 

voltage value for the threshold voltage V^p is .5 volts. The actual value of Bias_Mid will be 
determined by the relative sizes of devices 907 and 909b. • 
35 Figure 9C is a schematic diagram of yet another altemate embodinierit for generation of 

Bias_Mid voltage. In this circuit Bias_Mid is always less than (V^dp + V^p) and greater than 
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1 (Vddo-Ytn).. ■ •: ■ . ' . . , 

■ Figure 10 is a schematic diagram Of an exemplary weU bi^^^ 

. . embodiment of the invention. Device 1001. when turned on, couples the I/O pad 309 to the well 
- 1005 Device 1003, when turned on, couples V^do to the well 1005. When Vp^ is less than 
5 the gate source of device 1001 is less than the threshold voltage of device 1001, and device . 

■ • lOOlisttmiedoff. When Vop.islow(e.g. 1.2 Volts)thendevicel003 conducts,therebytymg 
theweU 1005 toVw. When Vp^is equal to V^ooorgreaterthen device 1001 willbegmto 

■ thereby coupling the well 1005 to VpAD. 

Figure UA is a schematic diagram of a circuit used to generate Vgp,. BiasJ switches 

10 between V„^o (3.3 volts) andVDDC (1.2 volts). Device 1101 couples BiasJ to Ven. When 
biasj is 3 3 volts device 1101 is off and when bias_l is 1.2 Volts then Vo„ is tied to 1.2 Volts. 

When the Vp^^ at 309 is greater than Vp,o device 1103 begins to conduct, because the gate of 
device 1 103 is tied to (VpDO-VTpXand Vgp, is thereby coupled to VpAD. 

Figure 1 IB shows a circuit which may be used to generate (Vddo - Vtp)- The strong upper 

15 PMOS device charges the node 1150 to (V^,o - Vtp)- M addition to the problems that may be 
caused when a lower supply voltage chip is interfaced with a higher voltage chip "power on 
stress"problems,whichmaybecausedwhencircuitryistumedonahdthesuppUesthatprovide 

protective biases are not yet up to their full voltage, may exist. In such a case a voltage present 
at an I/O pad may stress devices which are coupled to that I/O pad. 
20 FigurellCisagraphillustratingtherelationshipbetweenBias_MidandVpAp. Bias.Mid 

. .. . is set at 2.5 volts, and remams at 2.5 volts until Vp^ increases beyond 2.5 volts. Thereafter 
Bias_Mid tracks increases with VpAD andbecomes equal to aMgher yoltagewheaVpADincrea^^^ 

beyond acertain value. - . 

Figure 1 ID is a schematic diagram depicting an exemplary . mustration of a transi^^^^^ 

25 implementation of block 901. 

Figure 12 is a schematic diagram of a circuit that maybe used to prevent power on stress 
of devices, according to an embodiment of the invention. The circuit iUustrated in figm^^ 
be used to generate the Bias_MidvoltagewhenVoooisnotup to itsnominal value. IfBias_Mid 

is present then devices 305 and 307. shown in figure 8, wiU be protected from junction over 
voltageproblemseventhoughthevoltages,wMchordinarily^youldbeusedtogenerateBlas_^^^ 

as explained in figure 9, are hot present. 

In Figure 12 devices 1201, 1203, and 1205 are arranged as a series of diode coupled 
transistors such that a threshold voltage V„ . (in the present example equal to approximately .5 
volts) is dropped across each device when it is conductmg. When device 1207 is conductmg, the 
pad voltage, minus the threshold voltage of devices 1201, 1203, 1205 and 1207. . is coupled to 
Bias_Mid. Device 1207, in essence, acts as a switch. 
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As an example, assume that Vqdo is initially zeiro volts. Zero volts at the gate of device 
1209 turns it on. In such case point 1211 charges to a potential close to the pad voltage, since 
device 1213 is off. Point 121 1 is coupled to the gate of device 1214 thereby turning device 1214 
off. Siiice Vddo is zero volts, PMOS device 1219 turns on, which leads the gate of device 1207 
being coupled to Bias_Mid. This leads to coupling the pad voltage, minus the threshold voltage 
of devices 1201, 1203, 1205 and 1207 to Bias^Mid. When Vdd6 is low, device 1215 provides 
a current leakage path for Bias_Mid to V^jx: or Voop. When Vj^po is low, string 1217. turns on 
and the pad voltage is coupled to Bias_Mid. Devices 1220, 1221, 1223 and 1225 act as 
protection for device 1209 in the instance where the Vp^D is high and Vddo is low. . 

. When Vddo is high, point 121 1 is tied to Bias__Mid because device 1213 turns on. When 
VjoDo is liigh, device 1219 is turned off and device 1213 is turned on, thus raising the potential 
at the base of device 1207 to Vp^D, thereby turning device 1207 off Also device 1215 turns off 
whenVoDo is high,. 

Figure 1 3 is a circuit and block diagram of a portion of an over voltage protection circuit. 
Device 1001 provides a protection mechanism for the well bias. If V^dq is lower than the pad 
voltage by V^p or more then device 1001 will turn on. If device 1001 turns on then the well is 
coupled, via device 1001, to the pad, and hence the well will be biased to Vp^D- 

Similarly device 1 3 0 1 is coupled between the pad and P__Gate, the gate of PMOS device 
303 shown in figure 6. The gate of device 1301 is biased so that when Vddo is lower than the pad 
voltage by Ytp or more, then device 1301 will turn on and couple P_Gate to the pad voltage, 
therefore if V^dq is low then P_Gate will not depend on V^do for it's voltage level and iiistead 
wiQ take the voltage level fi-om the voltage on the pad. . . 

Figure 14 is a schematic diagram illustrating a modification of Figure 9. In Figure 14 
block 901 is decoupled fi-bm the Bias_Mid signal when Y^j^o is lower than its nominal value. 
The decoupling is done by using block 1401 . When V^dq is not up to its nominal value, the node 
Vjpwr is decoupled from Vodv by using block 1401 as a switch. When V^e^q is up to its nominal 
value, the node V_pwr is coupled to V^j^p by using block 1401. 

Figure 1 5 is a schematic diagrarri illustrating a transistor implementation of block 1 40 1 . 
When VoDois greater than a certain value, NMOS 1507 is turned on thereby comiecting the gate 
of PMOS 1505 to Vddc. Connecting the gate of of PMOS 1505 to Vddc turns on 1505 thereby 
comiecting V_pwr to Vddp. When Vddq is less than a certain value, NMOS 1 507 is turned off and 
PMOS 1506 is turned on thereby cormecting the gate of PMOS 1505 to Bias_Mid, thereby 

turning off PMOS 1505 and disconnecting V^pwrfrornVoDP- . - 

Figure 16 is a schematic diagram illustrating a transistor implementation of the circuitry 

illustrated in Figure 14. 

Figure 17 is a schematic diargam of a circuit that may be used to prevent sfriess on devices 
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whenvoltagespikesappearatanI/0.pad.men^to^^ . 
changes momentarily due td the gate: to drain overlap C^^^^^^ 

capacitance (Cbm) is placed at the bias_mid. node such that the transient voltage at the pad 
(Vj,ad,transient) gets dividedbetween Cgd and Cbm depending on the ratio of the capacrt^^^^ 

which gives the additional transient voltage on bias_mid(y_bm,transient): 
AV_bm,transient = (Cgd/(Cgd+Cbm)* AVj)ad,transient. 

Also, when transient voltages appear, the voltage Vgpi on PMOS 207 gate changes 
momentarily due to the gate to drain overlap capicitance (Cgdp) of the dnver PMOS. A 
capacitance(Cgp)isplaced at thePMOS 207 gatenodesuch that thetransient voltage at thepad 

(Vj>a4transient) gets dividedbetweenCgdp and Cgp depending ontheratio of the capacitanc^^^^ 
which gives the additional transient voltage on PMOS 207 gate (Vepn-transient): . 
ACVopj+transient) = (Cgdp/(Ggdp+Cgp))* A(V_pad,transient). 

Figure 18 is a schematic diagram of a circuit including several previously illustrated 
embodiments of the invention. The transistors illustrated in figure 18 are all 2.5 voh devices. 
The maximum output pad voltage is 3.6 volts and the maximum input voltage is 5.5 volts. The 
typical values of power supplies are V^do = 3.3 volts, Vodp = 2.5 volts, W^^c = 1-2 volts, Wssc " 
0 volts and Vsso ^ 0 volts. The operation of the circuit of figure 18 under various operatmg 

conditions is summarized below. 

When the I/O pad 309 is in an output enabled mode (i e OE is high) the maximum pad 

voltage is Vooo. Vgp, at the gate of PMOS device 303 is coupled to V^^c through NMOS 
■transistors 1101 and 1801 and accordingly PMOS device 303 is turned on. Block 901 generates 
anoutputBias_lvoltageofV„,candaccordinglyPMOS device 907 is tumedon,thesteadystate 

voltage of Bias_Mid is Vddp and PMOS device 905 is turned off. 

When the I/O pad 309 is output disabled (i.e. OB is low) and the pad voltage is below a 
predetermined value,thenVGP, at the gate of PMOS 303 is floating if the pad voltage is below^ 
V^Do- Block 901 generates a output Bias_l voltage of V^pc and accordingly PMOS device 907 
is turned on, the steady value of Bias_Mid voltage is V^^„ and PMOS device 905 is tumed-off 
in this condition. 

When the I/O pad 309 is output disabled (i.e. OB is low) and thepad voltage is above a 
predetermined value, thenblock 901 generates an outputBias_l voltageof Vp^o and accordingly 
PMOS device 907 is tumed-off, PMOS device 905 is is turned on, and the steady state value of 
Bias_Mid is between (V,oo - Vtp) as a minimum value and (V.^p + V.) as a maximum. value, 
where V.^ and V. are offset voltages due to the turn on threshold voltages of transistors 905 and 
909b respectively. V^p,, at the gate of PMOS device 303 is coupled to the pad voltage if the pad 
voltage is greater than Vddo- 
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1 Capacitors C^n, and in figure" 18 are used to insure that Bias_Mid voltage and Vqp, 

voltage, respectively, are kept at desirable levels wheni transient voltages appear at the pad as was 
described relative to Figure 17. 
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1 WHAT IS CLAIMED IS: 

. 1. AnapparatusforprovidmganinputoutputWanin^^^ 

comprising: 
5 an input/output (lyO) pad; 

an upper pair of P-channel Metal'Oxide Semiconductor (PMOS) devices, a first of the 
upperPMOSdeviceshayingsdurcecoupledtoapowersupply(VDDo)anddraincoupledtosource 

of a second upper PMOS device, the second PMOS device having drain coupled to the FO pad; 
a lower pair of N-channel MOS devices (NMOS), a first of the upper NMOS devices 
10 havingadraincoupledtothel/Opadandasourcecoupledtoadrainofasecondlower^^^ 
device, the second NMOS device having asource coupled to a ground potential; 

a first bias circuit coupled to a gate of the first upper PMOS device, said bias circuit 
" providingafirstbiasvoltagetothegateofthefirstupperPMOSdevicewhenthel/Opad^ 

an output mode and Vddo voltage otherwise; 
15 : asecondbiascircuitcoupledtoagateofthesecondlowerNMOSdeviccsaidbiascncuit 

piovidingasecondbiasvoltagetothegateofthesecondlowerl^OSdevicewhenthel/O 

is in an output mode and a ground voltage otherwise; i 

a third bias circuit coupled to a gate of die second upper PMOS device, said bias circuit . 

providing athixdbias voltage, coupled to the gate of the secondupper MOS device, thethirdbias 
20 voltage comprising a fixed voltage when Vp^ is less than the Ydoo voltage and compnsmg a 

voltage equal to VpAD otlierwise; and 

a fourth bias circuit coupled to a gate of the first lower NMOS device, said bias cnrcuit 

providing afourth bias voltage to the gate of the first lower MOS device, the fourth bias voltage 
comprising a first fixed voltage when Vp^ is less than a pre-determined value and compnsmg 
25 a voltage higher than the first fixed voltage otherwise. 

2. The apparatus of claim 1 fiirther comprising a well biasing circuit which provides a 
well bias to the upper pair of PMOS devices. 

30 3. Theapparatusofclaim2whereinthewellbiasingcircuitprovidesabiasvoltage 

of Vddo if a voltage on the I/O pad is less than Vddo and provides the voltage on the I/O pad as 
the bias voltage otherwise. 

4. An apparatus for providing a well biasing voltage the apparatus comprising: 
35 a supply voltage Vddo input for accepting a supply voltage; . 

a VpAD input for accepting the voltage on an I/O pad; and 
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1 . a bias output for providing a bias voltage equal to Vddo when Vp^o is less than V^oo 

for providing Vpyyj otherwise. 

5. The apparatus of claim 1 further comprising: 

5 a NMOS device having a drain coupled to VpAb; ^ 

the NMOS device having a source coupled to core circuitry; and; 
having the gate coupled to the third bias voltage. v. 

6. An apparatus that generates a bias voltage (Bias_Mid) the apparaltus comprising: 
10 an input that accepts aa. input/output circuit pad voltage (Vpad); 

an input that accepts an output eniable signal; 
an input that accepts a first input voltage Vpjjo; 
an input that accepts a first input voltage Vdbp; 

ah output circiiit that, if the oUtput enable signal is at an eniable value, provides Vddp 
* 15 voltage to Bias_Mid and provides an output that depends on the pad yoltage otherwise. 

7. The appiaratiis of claim .6 wherein the output circuit, if the output enable signal is 
at an disable value: 

provides a constant Bias_Mid equal to V^dp until Vpad is equal to V^i^p; - 
20 provides an increasing voltage if Vpad is equal or greater than V^Dp but is less than V^do 

minus an offset; and 

provides a constant voltage if Vpad is greater than Vodo minus an offset. 

8. . The apparatus of claim 7 wherein the offset is equal to the threshold of an NM 
25 device. , :.v 

9. An apparatus for biasing a device well the apparatus comprising: 
a first circuit that accepts an input/output pad voltage Vpad; 

a second circuit that compares Vpad to ia comparison voltage; and 
30 a third circuit that couples the device well to be biased to a first bias voltage if the pad 

voltage is less than the first bias voltage and to Vpad otherwise: 

10. The apparatus of claim 9. wherein the comparison voltage is equal to a power 
supply voltage (Vodo) ininus a threshold. 

35 ... • . . 
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11: An apparatus for generating abias voltage (Vgp,) the apparatus comprising: 
an input that accepts apad voltage; 

an input that accepts a Bias_l voltage, the bias voltage being at one level if ft^^ 

enabled and being at a higher voltage if the output is disabled; 

and a circuit that provides a lower voltage V^DC as a V^p/if the pad voltage is less t^^ 

Vddo and provides the pad voltage as Ygpi otli^rwise. 

12. Anapparatusforprovidinganinputoutputfronianintegrated circuit, iJieappa^^^ 

comprising: , 

an input/Output (I/O) pad; 

an upper pair bfP-channel Metal Oxide Semiconductor (PMOS) devices, afirstofthe 
upperPMOSdeyiceshaving source coupled toapowersupply(VDDo)anddrain coupled to source 

of a second Upper PMOS device, the, second PMOS device having drain coupled to the I/O pad; 
. . a lower pair of N-channel MOS devices (NMOS), a first of the upper NMOS devices 
having a drain coupled to the I/O pad and a source coupled to a drain of a second lower NMOS 
device, the second NMOS device having a source coupled to a ground potential; 

a first bias circuit coupled to a gate of the first upper PMOS device, said bias drcuit 
providing a first bias voltage to the gate of the first upper PMOS device when the .1/0 pad is in 
an output mode and Vddo voltage otherwise; 

.. asecondbias circuit coupled to a gate of the second lower NMOS device, said bias circuit 
providing a second bias voltage to the gate of the second lower NMOS device when tiie I/O pad 
is in an output mode and a ground voltage otherwise; 

a third bias circuit coupled to a gate of the second upper PMOS device, said bias circuit 
providing a third bias voltage, coupled to the gate of the second upper MOS device; and 

a fourth bias circuit coupled to a gate of the first lower NMOS device, said bias circuit^ 
providing a fourthbias voltage to the gate of the first lower MOS device, thefourth bias voltage 
beinginarange,therangehavingamaximumvalueofVDOP + VTandaminimum value of (VoDo 
- Vxp) . where V^^p and V^^o are power supply voltages and and V^p are offset voltages; 

13. The apparatus of claim 12 wherein V^oo and Vddp are the same power supply. 

14. The apparatus of claim 12 wherein and V^p are the same offset voltages. 
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I 15. An apparatus for providing an input output from an integrated ck^ 

*. . comprising: 

an input/output (I/O) pad; 

an upper pair of P-channel Metal Oxide Semiconductor (PMOS) devices, a first of the . 
5 upper PMOS devices having source coupled to a power supply (Vodo)^'^ drain.coupled to source 
of a second upper PMOS device, the second PMOS device having drain coupled to the I/O pad; 

a lower pair of N-channel MOS devices (NMOS), a first of the upper NMOS devices 
having a.drain coupled to the I/O pad and a source coupled to a drain of a second lower NMOS 
devicCj the second NMOS device having a source coupled to a ground potential; 
10 a first bias circuit coupled to a gate, of the first upper PMOS device, said bias circuit 

providing a first bias voltage to the gate of the first upper PMOS device when the VO pad is in 
ah output mode and Vddo voltage otherwise • 
, a second bias circuit coupled to a gate of the second lower NMOS device, said bias circuit 

providing a second bias voltage to the gatb of the second lower NMOS device when the I/O pad 
.15 ... is in an output mode and a groimd voltage otherwise; ^ ^ 

a third bias circuit coupled to a gate of the second, upper PMOS device, said bias circuit 
' providing a third bias voltage to the gate of the second upper MOS device; and ■ . 

. . . / a fourth bias circuit coupled to a gate of the first lower NMOS device, said bias circuit 
. . providing a fourth bias voltage to the gate of the first lower MOS device depending on the 
20 . voltage on the I/O pad (Ypad), said fourth bias voltage being restricted to a range between a 
. predetermined maximum value and a predetermined roinimum value. . ; . ^ : . v 

16, An apparatus for providing an input output from an integrated circuit, the 
comprisiag: r , 

25 .. . an input/output (I/O) pad; ^ 
an upper pair of P-channel. Metal Oxide Semiconductor (PMOS) devices, a . first of the 
. upper PMOS devices having source coupled to a power supply (Vddo)^^ drain coupled to source 
of a second upper PMOS device, the second PMOS device having drain coupled to the I/O pad; 
a lower pair, of N-channel MOS devices (NMOS), a first of the upper NMOS devices 
3.0 ; having a drain coupled to the I/O pad and a source coupled to a drain of a second lower NMOS 
device, the second NMOS device having a source coupled to a ground potential; 

a first bias circuit coupled to a gate of the first upper PMOS device, said bias circuit 
providing a first bias voltage to the gate of the first upper PMOS device when the I/O pad is in 
an output mode and Vp^o voltage otherwise; 
35 a second bias circuit coupled to a gate of the second lower NMOS device, said bias circuit 

providing a second bias voltage to the gate of the second lower NMOS device.when the J/O pad 
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is in an oulput mode and a grovind voltage otherwise; 

a third bias circuit coupled to a gate of the second upper PMOS device, said bias circuit 
providing a third bias- voltage to the gate of the second upper MOS device; and 

a fourth bias circuit coupled to a gate of the first lower NMOS device, said bias circuit 
providing a fburth.bias voltage to the gate of the first lower MOS device depending on the 
-voltage on the 1/0 pad (VpAb). the fourth bias voltage being restricted to a range havmg a 
maximum value of (Vddp-Vt) andaminimumvalueofCVoDo -VTp) . where V^op and Vodo are 
power supply voltages and Vt and are offset voltages. 

17. The apparatus ofclaim 16 wherein Vddp is equal to Vddq . 

18. Theapparatusofciaim 16 wherein Vx is equal to Vxp. 

19. Anapparatusforprovidinganinputoutputfiomaixintegratedcircuit,theapparate 

comprising: 

an inpiit/bulput (I/O) pad; 

an upper pair of P-channel Metal Oxide Semiconductor (PMOS) devices, a first of the - . 
upperPMOS devices having sourcecoupledtoapowersupply(VDDo)and drain coupledto source 

of a second upper PMOS device, the second PMOS device having drain coupled to the I/O pad; = 
a lower pair of N-channel MOS devices (NMOS), a first of the upper NMOS devices 

having a drain coupled to the I/O pad and a source coupled to a drain of a second lower NMOS 

device, the second NMOS device having a source coupled to a ground potential; 

a first bias circuit coupled to a gate of the first upper PMOS device, said bias circuit 

providing a first bias voltage to the gate of the first upper PMOS device when the I/O padis in 

an output mode and Vddo voltage otherwise; 

asecondbiascircuitcoupledtoagateofthesecondlower NMOS device, saidbias circuit 

providingasecondbias voltage tothegateofthefeecondlower NMOS device when the I/O pad 

is in an output mode and a groimd voltage otherwise; 

a third bias circuit coupled to a gate of the second upper PMOS device, said bias circuit 
providing a third bias voltage to the gate of the second upper MOS device; and . 

a fourth bias circuit coupled to a gate of the first lower NMOS device, said bias circuit 
providing a fourth bias voltage to the .gate of the first lower MOS , device depending on the 
voltage on the I/O pad (Vp^) when the pad is in an output disable mode, and said bias circuit 
providing a fixed fourth bias voltage to the gate of the first lower MOS device when the pad is 
in an output enable mode. 
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20. The apparatus of claim 19 wherein the fixed fourth bias voltage is Vodp- 

21. An apparatus for providing an input output firom an integrated circuit, the apparatus 
comprisiiig: , . 

an input/butput (1/0) pad; . 

an upper pair of P-channel Metal Oxide Semiconductor (PMOS) devices, a JBrst of the 
upper PMOS devices having source coupled to a power supply (Vudo)^^ drain coiipled to source 
of a second upjperPMOS device, the second PMOS device having drain coupled to the I/O pad; 

a lower pair of N-chaimel MO$ devibes (NiS/EOS), a first of the upper NMOS devices 
havitig a drain coupled to the I/O pad and a source coupled to a drain of a second lower NMOS 
device, the second NMOS device having a source coupled t6 a ground potential; 

a first bias ciircuit coupled to a gate of the first upper PMOS device, said bias circuit ; 
providing a first bias voltage to the gate bif the first upper PMOS device when the I/O pad is in 
an output Hiode and V^Do vbitage otherwise; ; • 

a second bias circuit coupled to a gate of the second lower NMOS device, said bias circuit 
providing a second bias voltage to the gate of the second lower NMOS device when the I/O pad 
is in an output mode and a ground voltage otherwise; .. y.:^ 

a third bias circuit coupled to a gate of the second upper PMOS device, said bias circuit 
providing a third bias voltage to the gate of the second upper MOS device equal to the voltage 
on the I/O pad (VpAD)when the pad is in an output disable mode, arid where the third bias voltage 
to the gate of the second upper MOS device equal to afixed voltage when the pad is in anoutput 
enabled mode; and . 

a fourth bias circuit coupled to a gate of the first lower NMOS device, said bias, circuit 
providing a fourth bias voltage to the giate of the first lower MOS device. 

22. The apparatus of claim 21 wherein the fixed voltage is Ydoc 

23 . An apparatus for providing an input output from an integrated circuit, the apparatus 
comprising: . - 

an input/output (I/O) pad; 

an upper pair of P-chamiel Metal Oxide Semiconductor (PMOS) devices, a first of the 
upper PMOS devices having source coupled to a power supply (VDj)Q)and drain coupled to source 
of a second upper PMOS device, the second PMOS device having drain coupled to the I/O pad; 

a lower pair of N-channel MOS devices (NMOS), a first of the upper NMOS devices 
having a drain coupled to the I/O pad and a source coupled to a drain of a second lower NMOS 
device, the second NMOS device having a source coupled to a ground potential; 



■ PCT/US02/00747 . . 

WO 02/056473 ■ . 

1 ■ . a first bias circnut coupled to a gate Of the first upper PMO^ 

.providbg a fct bias voltage to the gate omeffl^^^^^ 

an output mode and Vddo voltage otherwise; 

asecondbias circuit coupled to agate of the secondlower>MOS device, said bias circuit 

5 providing a second bias voltage to the gate of the second lower NMOS device when the VO pad 
is in an output niode and a ground voltage otherwise; 

a third bias circuit coupled to a gate of the second upper PMOS device, said bias circuit 
providing a third bias voltage to the gate of the second upper MOS device; and 

a fourth bias circuit coupled to a gate of the first lower NMOS device, said bias circuit 
10 providing a fourth bias voltage to the gate of the first lower MOS device depending on the 
• voltageontheI/Opad(VpAD),thefourthbiasvoltagebeingfixedtoalowervo^^^^^^^ 

voltage is less thaii a predetermined value, and the fourth bias voltage being at a higher voltage 
when the pad voltage is hi^er than a predetennined value. 

15 24. The apparatus of claim 23 wherein tiie lower voltage is Vddp- 

25. The apparatus of claim 23 wherein the predetermined V 

26. The apparatus ofclaim 23 wherein the higher Voltage varies according to the pad 
20 voltage. 

27. Anapparatusforprovidinganinputoutputfi:omanintegratedcircuit,theapparatas 
comprising: 

an input/output (I/O) pad; • . _ 

25 an upper pair of P-channel Metal Oxide Semiconductor (PMOS) devices, a first of the^ 

upperPMOSdeviceshavingsourcecoupledtoapowersupply(VDDo)anddraineoupledtosource 

of a second upper PMOS device, the second PMOS device haying drain coupled to the I/O pad; 

a lower pair of N-channel MOS devices (NMOS), a first of the upper NMOS devices 
having a drain coupled to the I/O pad and a source coupled to a drain of a second lower NMOS 
30 device, the second NMOS device having a source coupled to a ground potential; 

a first bias circuit coupled to a gate of the first upper PMOS device, said bias circuit 

providing a first bias voltage to the gate of the first upper PMOS device when the I/O pad is in 

an output mode and Vddo voltage otherwise; 

a second bias circuit coupled to a gate of the second lower NMOS device, said bias circuit 

35 providing a second bias voltage to the gate of the second lower NMOS device when the I/O pad 
is in.an output mode and a ground voltage otherwise; ! 
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1. a third bias circuit coupled to a gate , of the second upper PMOS device, said bias circuit 

providing a third bias voltage to the gate of the second upper MOS device; and 

a fourth bias circuit coupled to a gate of the first lower NMQS device, said bias circuit 
providing a fourth bias voltage to the gate of tiie. first lower MOS . device said fourth bias 

5 . . restricted between a maxixaum and a minimum value when the pad is in an output disable mode, 
and said fourth bias voltage is a fixed voltage when the pad is in an output enable mode. . 

28. The apparatus of claim 27 wherein the maximum bias voltiage when the pad is in 
an output disable mode is Vd^p + Vj, • . . 

10 ^ . -.r.^'. • '.V . , 

29. The apparatus of claim 27 wherein the minimum bias voltage when the pad is in 
. anoutputdisablemodeis Vdpo"^^tp- V 

30. The apparatus of claim 27 wherein the fixed voltage when the pad is in an output 
15 enable mode is equal to Vddp. ' 

.31. An apparatus for providing ah input output fireman integrated circuit, the a^ 
comprising: 

an input/output (I/O) pad; : . 
20 an upper pair of P-channel Mdtal Oxide Semiconductor (PMOS) devices, a first of the 

upper PMOS devices having source coupled to apower supply (VDpo).^d drain coupled to source 
. , of a second upper PMOS device, the second PMOS device having drain coupled to the I/O pad; 
a lower pair of N-channel MOS devices (NMOS), a first of the upper NMOS devices 
having a drain coupled to the I/O pad and a source coupled to a drain of a second lower NMOS 
25. ; device, the second NMOS device having a source coupled to a ground potential; 

a first bias circuit coupled to a gate of the first upper PMOS device, said bias circuit 
providing a first bias voltage to the gate of the first upper PMOS device when the I/O pad is in 
an output mode and Vddo voltage otherwise; 

a second bias circuit coupled to a gate of the second lower NMOS device, said bias circuit 
30 providing a second bias voltage to the gate of the second.lower NMOS device when the I/O pad 
is in an output mode and a ground voltage otherwise; 

a third bias circuit coupled to a gate of the second upper PMOS device, said bias circuit 
providing a third bias voltage to the gate of the second upper MOS device; and 

a fourth bias circuit coupled to a gate of the first lower NMOS device, said bias circuit 
35 providing a fourth bias voltage to the gate of the first lower MOS device depending on the 
voltage on the I/O pad (Vp^d), said fourth bias cirpuit comprising a capacitive voltage divider. 
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1 - 32. tiie apparatus of claim 31 wherein the capacitive voltage divider pro^ 

difference betwben a pM and power supply voltage to deri^^^ 
voltage provided to the pad is changing. 

5 y . 33. An apparatus forprovidingminput output ftomanintegrated circuit, 
comprising: 

an input/output (I/O) pad; , ' 

■ an uppCT pair of P-channel Metal Oxide Semiconductor (PMOS) devic^^ 
upperPMOSdeviceshavingsourcecoupledtoapowersupply(VDDo)aiiddraincoupledtosource 

10 ; of a second upper PMOS device, the second PMOS device having drain coupled to the I/O pad; 

a lower pan- of N-channel MOS devices (NMOS), a first of the upper NMOS devices 

hkviiig a drain coupled to the I/O pad and a sovurce coupled to a drain of a second lower NMOS 
device, the second NMOS device having a source coupled to a ground potential; 

a first bias circuit coupled to a gate of the first upper PMOS device, said bias circuit 
15 providing a first bias voltage to the gate of the first upper PMOS device when the I/O pad is in 

. an output mode and Vddo voltage otherwise; 

a second bias circuitcoupled to a gate of the second lower NMOS device, said bias circuit 

providing a second bias vohage to the gate of the second lower NMOS device when the I/O pad 
is in an output mode and a groimd voltage otherwise; 
. 20 a tMrd bias circuit coupled to a gate of the secondupper PMOS device, said bias circuit 

providing a third bias voltage to the gate of the second upper MOS device; and 

a fourth bias circuit coupled to a gate of the first lower NMOS device, said bias circuit 

providing a fourth bias voltage to the gate of the first lower MOS device, wherein the fourthbias 
voltage is a fixed voltage when the I/O pad is an output enabled mode, and wherein the bias 
25 voltage is a capacitively divided portion of the pad voltag^ when the I/O pad is an output' 
disabled mode. 

34. Theapparatusofclaim33whereinliiefourthbiasvoltageisVDDpWhentheI/Opad 
is an output enabled mode. ". 

30 . . . ■ ' • . 

35. An apparatus for providing an input output firom an integrated curcuit, the apparatus 

comprising: 

an input/output (I/O) pad; 

an upper pair of P-channel Metal Oxide S emiconductor (PMOS) devices, a first of the 
35 upper PMOS devices havingsburcecoupledtoapowersupply(VDDo)a»d<^raincoupledto source 
of a second upper PMOS device, the second PMOS device having drain coupled to the I/O pad; 
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wo 02/056473 PCT/iJS02/00747 

1 . a lower pair of N-channel MOS devices (NMOS), a first of the upper NMOS devices 

^ having a drain coupled to the I/O pad and a source coupled to a drain of a second lower NMOS 
device, the second NMOS device having a source coupled to a ground potential; 

a first bias circuit coupled to a gate of the first iipper PMOS device, said bias circuit 
5 . providing a first bias voltage to the gate of the first upper PMOS device when the I/O pad is in 
an ou^ut mode and Vddo voltage otherwise; 

a second bias circuit coupled to a gate of the second lower NMOS device, said bias circuit 
providing a second bias voltage to the gate of the second lower NMOS device when the I/O pad 
• is in an output mode and a groimd voltage otherwise; 
10 . , a third bias circuit coupled to a gate of the second upper PMOS device, said bias circuit 
. providing a third bias voltage to the gate of the second upper MOS deviqe depending on the 
voltage on the I/O pad (V p^) said third bias circuit comprising a capacitive voltage divider; and 
a foxirth bias circuit coupled to a gate of the first lower NMOS device, said bias circuit 
providing a fourth bias voltiage to the gate of the first lower MOS device. 
15 .-. • . ; • ■ ■ - ^ . - • ' • . ' / . 

36. The apparatus of claim 36 wherein the capacitive voltage divider proporti^ 
difference in voltage at the pad and a power supply voltage to derive the third bias voltage when 
the pad is switching; 

20 . 37. An apparatus forproviding an input output from anintegrated circuit, the apparatus 

comprising: . . ' . ^ 

. / ; . an input/output (I/O) pad; ' 

an upper pair of P-chaimel Metal Oxide Semiconductor (PMOS) devices, a first of the 
. upper PMOS deviceshavingsourcecoupled to apowersupply(VDDo)^d drain coupled to source 
25 . of a second upper PMOS device, the second PMOS device having drain coupled to the I/O pad; 

a lower pair of N-channel MOS devices (NMOS), a fixst of the upper NMOS devices 
having a drain coupled to the I/O pad and a source coupled to a drain of a second lower NMOS 
' - device, the second NMOS device having a source coupled to a ground potential; 

a first bias circuit coupled to a gate of the first upper PMOS device, said bias circuit 
30 providing a first bias voltage to the gate of the first upper PMOS device when the I/O pad is in 
an output mode and Vodo voltage otherwise; 

• a second bias circuit coupled to a gate of the second lower NMOS device, said bias circuit 
providing a second bias voltage to the gate of the second lower NMOS device when the I/O pad 
is in an output mode and a groimd voltage otherwise; . . - 

35 a third bias circuit coupled to a gate of the second upper PMOS device, said bias circuit 

providing a third bias voltage to' the gate of the,second upper MOS device, wherein the third bias 
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voltage is a capacitively divided portion of the pad voltage when the pad voltage is less than a 
predetenriiiied value and the third bias voltage is equal to the pad voltage when the pad voltage 
is greater than a predetermined value; and 

a fourth bias circuit coupled to a gate of the first lower NMOS device, said bias circuit 
providing a fourth bias voltage to the gate of the first lower MOS device. 

38. The apparatus of claim 37 wherein the predetermined vahie is equal to Vddo. 

39. Anapparatusforprovidinganinputoutputfi:6inanintegratedcircuit,the^paratus 

comprising: 

an input/output (I/O) pad; 

an upper pair of P-channel Metal Oxide Semiconductor (PMOS) devices, a first of the 
upperPMOS devices having source coupled toapowersupply(VoDo)and drain coupled to source 

of a second upper PMOS device, the second PMOS device having drain coupled to the I/O pad; 

a lower pair of N-channel MGS devices (NMOS), a first of the upper NMOS devices 
having a drain coupled to the I/O pad and a source coupled to a drain of a second lower NMOS 
device, the second NMOS device having a source coupled to a ground potential; 

a first bias circuit coupled to a gate of the first upper PMOS device, said bias circuit 
providing a first bias voltage to the gate of the first upper PMOS device when the pad is in an 
output mode and Vddo voltage otherwise; 

a second bias circuit coupled to a gate of the second lower miOS device, saidbias circuit 
providing asecondbias voltage to the gate of the secondlower NMOS device when the I/O pad 
is in an output mode and a ground voltage otherwise; 

a third bias circuit coupled to a gate of the second upper PMOS device, said bias circuit 
providing a third bias voltage to the gate of the second upper MOSdevice, wherein the thirdbias 

voltage is a fixed voltage when the I/O pad is in the output enabled mode and where the thirdbias 
voltage is a capacitively divided portion of the I/O pad voltage when the I/O pad is in the output 
disabled mode and the I/O pad voltage is less than a predetermined value, and where the third 
bias voltage is equal to the I/O pad voltage when the I/O pad is in the output disabled mode and 
the I/O pad voltage is greater than a predetermined Value; and 

a fourth bias circuit coupled to a gate of the first lower NMOS device, said bias circuit 
providing a fourth bias voltage to the gate of the first lower MOS device. 

40. The apparatus of claim 39 wherein the fijied voltage is equal to Vddc- 



41. 



The apparatus of claim 39 wherein the predetermined value is equal to Vddo- 
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